Background-An association between maternal subclinical hypothyroidism and low intelligence quotient (IQ) in the oVspring has recently been shown. Objective-To provide evidence for the causality of the association by testing the hypothesis that severity of maternal hypothyroidism correlates inversely with IQ of the oVspring. Methods-IQ scores were compared among 8 year old oVspring of 124 control mothers whose thyroid stimulating hormone (TSH) concentrations were < 98th percentile of a cohort of 25 000 mothers at 17 weeks gestation, of 28 untreated hypothyroid women whose TSH was between the 98th and 99.85th percentiles, and of 20 untreated women whose TSH concentration was > 99.85th percentile. Results-Mean (SD) IQs for each group of children (in ascending order of maternal TSH concentration) were 107 (13), 102 (15), and 97 (14). The diVerence between the extremes was significant (p = 0.003). The percentage of children with IQs > 1 SD below the control mean was 15, 21, and 50 respectively (p = 0.003). The odds ratio of having an IQ > 1 SD below the control mean, after controlling for socioeconomic status, was 4.7 (p = 0.006) for the third group compared with the controls. Conclusions-The inverse correlation between severity of maternal hypothyroidism and IQ of the oVspring supports a causal relation and makes the need to screen for and treat pregnant women for hypothyroidism even more compelling. (J Med Screen 2001;8:18-20) 
The combination of maternal and fetal hypothyroidism due to iodine deficiency or autoimmune thyroiditis is known to be associated with the fetal central nervous system problems of classic cretinism. [1] [2] [3] [4] Pharoah et al 2 reported an inverse correlation of maternal thyroxine concentrations with cognitive development of the oVspring, but the relative contributions of maternal and fetal thyroid deficiencies are still unknown. Mental retardation can occur in endemic cretinism in the absence of postnatal hypothyroidism in the oVspring, but transient fetal hypothyroidism cannot be ruled out. The reported children with mental retardation associated with maternal autoimmune thyroiditis all had transient postnatal hypothyroidism.
In 1969, Man and Jones 5 first suggested that the oVspring of mothers with untreated or inadequately treated subclinical hypothyroidism had lower intelligence quotients (IQs) than did the oVspring of mothers with normal thyroid function or adequately treated hypothyroidism. 5 6 The outcomes in children of mothers with clinically diagnosed disease were not indicated separately. None of the infants had postnatal hypothyroidism.
We began a series of studies in 1988 to investigate these suggestions and reported thyroid stimulating hormone (TSH) concentrations in 2000 blood specimens from women drawn at 17 weeks gestation for fetoprotein screening. 7 TSH concentrations were > 6 mU/l in 2.4%, > 12 mU/l in 0.3%, and > 18 mU/l in 0.15%. None of the mothers was symptomatic, but free thyroxine concentrations were > 2 SDs below the control mean in 60% of those with TSH concentrations > 99.7th percentile. These findings were verified in a prospective study of 10 000 women, 2.2% of whom had TSH concentrations > 6 mU/l. TSH concentrations were > 12 mU/l in 0.3% and > 18 mU/l in 0.15% . Free thyroxine concentrations were > 2 SDs below the control mean in 40% of those with TSH concentrations > 99.7th percentile. Tests for antibodies to thyroid peroxidase were positive in 67% of the mothers with TSH concentrations > 98th percentile. Spontaneous abortions and intrauterine fetal deaths were more than five times as common in the mothers with TSH concentrations above the 98th percentile than in control mothers with TSH concentrations below the 98th percentile. 8 In 1999, we reported that there was a significant association between untreated maternal hypothyroidism and low IQ in the oVspring at 8 years of age. 8 9 The percentage of children with IQs > 1 SD below the control mean was 15 for those of 124 control mothers and 33 for children of 48 untreated mothers with subclinical hypothyroidism and TSH concentrations above the 98th percentile (p = 0.019). The mean (SD) IQ scores for these two groups of children were 107 (13) and 100 (16) respectively (p = 0.004). Similar results were recorded for tests of language, attention, and pegboard performance, and for school performance. The results for children of 14 treated hypothyroid mothers were as good as or better than those for children of control mothers in all but one test. None of the children had hypothyroidism at or after birth.
This study was designed to test the hypothesis that the severity of maternal hypothyroidism correlates inversely with IQ in the oVspring.
Subjects and methods
Ascertainment of hypothyroid mothers, control mothers, hormonal measurements, and informed consent have been described previously in detail, as have outcome measurements in the oVspring. 8 9 Briefly, the diagnoses were made retrospectively by measuring TSH concentrations in the remainder of sera obtained at a mean of 17 weeks gestation for fetoprotein measurements and stored in a frozen state for eight years. Hypothyroidism was diagnosed by TSH concentrations > 98th percentile for 25 277 mothers of full term live infants. Control mothers with TSH concentrations < 98th percentile were matched for maternal age and education, sex of the child, and date and gestational age at time of blood sampling of mother for each hypothyroid mother. The oVspring underwent standard neuropsychological testing at a mean (SD) age of 8 (0.5) years.
Maternal TSH concentrations from the above database were used as the most sensitive index of maternal hypothyroidism and its severity. To describe the relation with full scale WISC-III IQs in the oVspring, we divided the mothers and their children into three groups: group 1, 124 control mothers with TSH concentrations < 98th percentile; group 2, 31 hypothyroid mothers with TSH concentrations between the 98th and 99.85th percentiles; group 3, 31 hypothyroid mothers with TSH concentrations > 99.85th percentile. Children of the 14 treated hypothyroid mothers were eliminated from the analysis so that IQ results from 172 children were analyzed (124 group 1, 28 group 2, and 20 group 3) .
The three subject groups were converted to dummy variables. Mean IQs were compared by least squares dummy variable regression analysis. Fisher's exact test and logistic regressions were used to compare the number of children at risk using the percentage of children with IQs more than 1 or 2 SDs below the mean of control children. Family socioeconomic status was determined by Hollingshead scores, which were used as covariates to control for socioeconomic status in the regression analyses. Hollingshead scores were derived from the number of years of education and job status of each parent. 10 Least squares regressions were used to correlate maternal hormonal values and IQs of all children. Because the distribution of TSH values was skewed, the natural logarithms of the TSH concentrations were used for these analyses.
Statistical analyses were performed using Stata Statistical Software, release 4 for Macintosh (Stata Corporation, College Station, Texas, USA).
We calculated the percentages of newborns at risk of having IQs more than 1 SD below the control mean in infants with congenital hypothyroidism before the advent of neonatal hypothyroidism screening, infants born to hypothyroid mothers, treated or not, with TSH concentrations in the top 0.3%, and in all newborns by multiplying the percentage of newborns in each category by the percentage with such IQs in the category. This assumed that our sample of the 46 children studied fairly represented the children of the 75 mothers whose TSH concentrations comprised the top 0.3% for the 25 000 women.
Results
Mean (SD) IQ for the children of the 124 control mothers was 107 (13) . Means (SD) for the children of the 28 untreated mothers in group 2 and the 20 mothers in group 3 were 102 (15) and 97 (14) respectively. The diVerence between the children of group 3 mothers diVered significantly from those of group 1 mothers (p = 0.003). The mean for group 2 children was intermediate between those for the group 1 and group 3 children but not statistically significantly diVerent from either. The diVerence between group 1 and group 3 continued to be significant even after socioeconomic status had been controlled for (p = 0.027). Table 1 gives the data for percentage of children with IQs > 1 or 2 SDs below the control mean. The incidence of IQs > 1 SD below the control mean was significantly greater for the group 3 children than for the group 1 children by Fisher's exact test (p = 0.003). The diVerence between groups 3 and 2 missed significance (p = 0.062). There were only eight children overall who had IQs > 2 SDs below the control mean. When the percentage IQs > 2 SDs below the control mean was used as the dependent variable, the relative diVerences were greater but the statistical significance was less.
The odds ratio for having an IQ more than 1 SD below the control mean continued to be significant for group 3 even after adjustment for socioeconomic status in logistic regressions. The odds ratio for IQs more than 2 SDs below the mean for group 3 was even greater, but lost its statistical significance after socioeconomic status was controlled for.
Maternal TSH and free throxine each correlated significantly with IQ in the 172 children in bivariate regression analyses (p = 0.034 and 0.039.) Maternal thyroxine and positive tests for antibodies to thyroid peroxidase did not. However, in multivariate stepwise analysis, only TSH retained its significance (p = 0.033). When socioeconomic status was added as a covariate, the correlation of TSH and IQs was still significant (p = 0.037). Figure 1 shows the regression between IQ and the natural logarithm of maternal TSH. Before the advent of neonatal screening for hypothyroidism, 0.01% of all children had IQs > 1 SD associated with congenital hypothyroidism. 11 Some 30% of the children of mothers in the present study whose TSH was in the top 0.3% for all 25 000 women had IQs > 1 SD below the control mean regardless of treatment. Thus at least 0.09% of full term live births are so aZicted in association with maternal hypothyroidism. These children comprise 0.6% of the 15% of all children wih IQs > 1 SD below the control mean.
Discussion
One limitation of this study is that there were only eight children with IQs > 2 SDs below the control mean. We presume this explains why the analyses using the percentage of IQs > 2 SDs below the control mean as the dependent variable have less statistical significance than those using IQs > 1 SD below the control mean, although their diVerences are actually greater.
It has long been known that there is an inexorable upward secular drift in normal scores on intelligence tests. The Wechsler intelligence scale for children (WISC) was rescored in 1973 and became the WISC-R because of the secular drift. The normal mean of the WISC-R went from 100 to 110 by 1985. 11 The next revision was in 1988 to the WISC III which is the test we used 10 years later. We believe secular drift accounts for our control mean score of 107.
The congruence of the results from all four modes of analysis establishes the inverse correlation between the severity of maternal hypo-thyroidism and IQs in the oVspring. This supports the causal association of maternal hypothyroidism and poor cognitive development of the oVspring, thereby making the need to detect and treat all pregnant women for hypothyroidism as early as possible in pregnancy even more compelling.
If further study shows that it is not feasible to diagnose and treat for hypothyroidism early enough in pregnancy to prevent fetal death or brain damage in the more than 4000 women whose children are at risk per year, all women should be screened for hypothyroidism immediately on anticipation of any possible pregnancy, planned or otherwise.
We know of no evidence that a decreased intake of iodine in the United States has increased the incidence of hypothyroidism from iodine deficiency. [12] [13] [14] However, even if iodine deficiency caused all maternal hypothyroidism, mothers would still have to be screened for hypothyroidism and treated appropriately. 
